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UVB and Proinflammatory Cytokines Synergistically
Activate TNF-a Production in Keratinocytes through
Enhanced Gene Transcription
Muhammad M. Bashir1,2, Meena R. Sharma1,2 and Victoria P. Werth1,2
UVB irradiation potently induces cytokines in the skin, including IL-1a and tumor necrosis factor-a (TNF-a). The
mechanism for TNF-a induction in UVB-irradiated keratinocytes is not clear. In this study, we explored the
effects of UVB and cytokines, alone or in combination in human keratinocytes. Keratinocytes were sham- or
UVB-irradiated with 30mJ cm2, and then incubated in the absence or presence of IFN-a2b, TNF-a, or IL-1a. UVB
and IL-1a treatment synergistically enhanced TNF-a secretion and mRNA levels in human keratinocytes, similar
to the findings reported previously in human fibroblasts. Exogenous recombinant TNF-a up-regulates its own
mRNA level. However, addition of IFN-a2b did not show any additive effect on TNF-a mRNA induction. To
understand the regulation of TNF-a mRNA by UVB, with or without IL-1a, we examined the transcription rate
and half-life of TNF-a mRNA. Treatment of keratinocytes with IL-1a or UVB alone increased TNF-a gene
transcription 4- to 5-fold over sham treatment, and TNF-a gene transcription increased 11-fold in cells treated
with UVB plus IL-1a over sham. UVB with IL-1a did not enhance the half-life of TNF-amRNA over that seen with
UVB alone. In conclusion, TNF-a expression in primary keratinocytes is upregulated transcriptionally by UVB
and IL-1a.
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INTRODUCTION
Tumor necrosis factor-a (TNF-a) plays an important role in
photodamage and photoaging. Its secretion from keratino-
cytes (KCs) and dermal fibroblasts is specifically induced by
UVB (290–320nm), but not by UVA (320–400nm), and it
may therefore mediate harm from these more energetic UV
wavelengths (Skov et al., 1998; Werth and Zhang, 1999). For
example, TNF-a released after UVB exposure induces nearby
endothelial cells and KCs to display cell adhesion molecules,
thereby recruiting inflammatory cells that secrete elastases
and collagenases, leading to damage and aging of the skin
(Briscoe et al., 1992; Strickland et al., 1997; Rijken et al.,
2006). TNF-a also promotes apoptosis, lymphocyte activa-
tion, and hyperproliferative skin disorders (Kinkhabwala
et al., 1990; Ashkenazi and Dixit, 1998; Banno et al.,
2004; van Hogerlinden et al., 2004). TNF-a is involved not
only in the mediation of local inflammatory reactions within
the epidermis but it may also enter the circulation and cause
systemic effects (Kock et al., 1990; Kondo and Sauder, 1995).
Epidermal KCs absorb the bulk of cutaneous UV exposure,
and UVB is known to cause damage in the epidermis (Zhuang
et al., 1999). Exposure of KCs in vitro to UVB induces the
synthesis of many cytokines, including TNF-a, IL-1a, IL-6, IL-
8, and IL-10 (Kock et al., 1990; Takashima and Bergstresser,
1996; Brink et al., 2000; Yarosh et al., 2000; Clingen et al.,
2001). Besides UVB irradiation, several growth factors and
cytokines, including IL-1a, IL-1b, and IFNs also induce TNF-a
expression in epidermal KCs (Lisby and Hauser, 2002).
Of interest, dermal fibroblasts release small amounts of
TNF-a when exposed to UVB alone or to IL-1a alone, but
B10-fold greater quantities when exposed to both UVB and
IL-1a (Fujisawa et al., 1997; Werth and Zhang, 1999). The
effect is mediated through a synergistic increase in TNF-a
mRNA levels (Fujisawa et al., 1997). Thus, UVB may
stimulate large amounts of TNF-a generation in skin by first
inducing KCs to secrete IL-1a. Fibroblasts in the upper dermis
become simultaneously exposed to KC-derived IL-1a through
diffusion and to UVB through its penetration, thereby causing
a massive, synergistic induction of TNF-a mRNA and protein
in that location (Kondo et al., 1997). In addition, inflamma-
tory cells in the skin are another source of IL-1a and TNF-a
that may contribute to UVB-epidermal cytokine synergy in
the production of TNF-a.
Nevertheless, possible synergy between UVB and cyto-
kines in the induction of TNF-a production by KCs has been
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relatively unexplored. In this study, we sought to determine if
UVB, without or with IL-1a or other cytokines, can enhance
TNF-a expression by human KCs, and then to define the
molecular mechanisms.
RESULTS
UVB and IL-1a, but not endogenous TNF-a, synergistically
upregulate TNF-a mRNA in human keratinocytes
KCs were sham- or UVB-irradiated, then immediately after-
wards incubated for different time point in the absence or
presence of exogenous IL-1a. The viability of cells was
measured by trypan blue. Trypan blue testing indicated that
UVB-irradiated cells were 93–95% viable at 72 hours. Total
cellular RNA was harvested at different time points after
irradiation. TNF-a mRNA was quantified by real-time PCR
assay. Cyclophilin A (PPIA) was used as an internal control.
Our 72-hours time course study showed that the KCs treated
with UVB alone or with exogenous IL-1a alone showed low
levels of TNF-a mRNA (Figure 1a), consistent with earlier
literature (Fujisawa et al., 1997; Werth and Zhang, 1999).
KCs treated with the UVB plus exogenous IL-1a strongly
induced TNF-a mRNA, with maximal induction between 4
and 8 hours (Figure 1b). Other experiments performed by
ribonuclease protection assay also showed that TNF-a mRNA
levels greatly increased starting at 3 hours in UVBþ IL-1a-
treated cells (data not shown). It is evident from Figure 1b that
the TNF-a mRNA levels are maximally elevated at 8 hours,
followed by a gradual decline and returned to sham levels by
72 hours despite the presence of high levels of TNF-a protein
(as seen in Figure 5). TNF-a mRNA induction was greatly
increased over UVB or shamþ IL-1a-treated cells (Po0.001),
indicating a powerful synergy between UVB and exogenous
IL-1a in the induction of TNF-a mRNA in KCs (Figure 1b).
Unlike fibroblasts, KCs already make their own IL-1a, but it is
clear that addition of exogenous IL-1a exerts a strong effect
on TNF-a mRNA production.
To rule out the possibility that TNF-a mRNA induction by
UVB and exogenous IL-1a is not due to an immediate effect
of TNF-a secreted from KCs at early time points, which
triggers the synthesis of new TNF-a, we incubated the
UVBþ IL-1a-treated KCs with TNF-a antibody to neutralize
the effect of newly synthesized TNF-a. It is evident from our
real-time PCR results that neutralization of TNF-a with TNF-a
antibody at different doses (5, 10, and 100ngml1) did not
inhibit the induction of TNF-a mRNA relative to UVBþ IL-
1a-treated KCs (P¼ 0.48). This suggests that endogenous
TNF-a secreted by KCs does not contribute to the synergistic
increase of its own mRNA by UVBþ IL-1a-treated KCs
(Figure 2).
IFN-a does not upregulate TNF-a in UVB-irradiated
keratinocytes
To examine whether IFNs and IL-1a synergistically affect
TNF-a production in KCs irradiated with sham or UVB, we
stimulated cells with IFN-a2b and IL-1a. Total cellular RNA
was harvested 6 hours after irradiation and processed for real-
time PCR. IFN-a2b, alone or in combination with IL-1a,
caused no additional upregulation of TNF-a mRNA in UVB-
irradiated cells (P¼0.24; Figure 3). TNF-a protein secretion
was similarly unaffected by IFN-a2b under these conditions
(data not shown).
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Figure 1. IL-1a synergistically increases TNF-a mRNA induction by UVB-
irradiated neonatal KCs. Cells were treated with sham, shamþ IL-1a
(10 ngml1), UVB (30mJ cm2), and UVBþ IL-1a. RNA samples were
collected at the indicated times and analyzed by real-time PCR. TNF-a mRNA
cycle numbers were normalized to cyclophilin A (PPIA). Expression levels of
TNF-a mRNA are indicated as ‘‘fold change’’ compared to control. UVBþ IL-
1a-treated cells showed synergistically increased TNF-a mRNA as compared
to UVB or IL-1a alone (Figure 1a and b). The time-course study showed that
there was no biphasic induction of TNF-a mRNA in keratinocytes up to
72 hours.
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Figure 2. Anti-TNF-a antibody has no effect on TNF-a mRNA synthesis in
UVB-irradiated keratinocytes in the presence of IL-1a. Conditions included
cells treated with sham, shamþ IL-1a, UVB, and UVBþ IL-1a. In the test
group, UVBþ IL-1a-treated cells were also incubated with anti-TNF-a
antibody (5, 10, 100 ngml1). RNA samples were collected after 3 hours and
analyzed by real-time PCR. Results were normalized to PPIA mRNA and
compared to control groups. No significant difference in expression of TNF-a
mRNA is observed between UVBþ IL-1a and UVBþ IL-1aþ anti-TNF-a-
treated keratinocytes.
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Upregulation of TNF-a by exogenous recombinant TNF-a in
response to UVB in human keratinocytes
To examine whether exogenous TNF-a could induce its own
synthesis in KCs, we analyzed the effect of exogenous
recombinant TNF-a (rTNF-a) on the expression of TNF-a
mRNA in sham- or UVB-irradiated KCs. The addition of
exogenous rTNF-a (5 ngml1) for 3 hours resulted in a 13-fold
increase of TNF-a mRNA in sham- irradiated KCs and 51-fold
increase in UVB-irradiated KCs, showing a synergistic effect
of UVBþ rTNF-a relative to rTNF-a alone (Po0.01; Figure 4).
UVB and IL-1a synergistically upregulate TNF-a protein
secretion from human keratinocytes
To correlate TNF-a mRNA induction with TNF-a protein
production, medium from sham- or UVB-irradiated KCs, with
or without IL-1a, was collected at different time points after
irradiation and assayed for TNF-a by ELISA. Consistent with
the mRNA data, TNF-a level in media were increased as early
as 3 hours, with a maximal increase at 24 hours in UVBþ IL-
1a-treated cells. Cells treated with UVBþ IL-1a showed
significantly higher levels of TNF-a as compared to UVB or
IL-1 a alone (Po0.0001; Figure 5a and b).
Release of soluble TNF-a is not due to cleavage of
membrane-bound TNF-a from keratinocytes
Induction of membrane-bound TNF-a has been previously
reported, and so this was examined in our system (Yarosh et al.,
2000). To examine whether the increased level of TNF-a in
the medium of UVB-and IL-1a-treated cells is due to secreted
TNF-a or release of membrane bound TNF-a in medium, we
assayed TNF-a by ELISA in the membrane fraction of sham- or
UVB-irradiated cells stimulated with IL-1a. Our results indicate
that IL-1a decreased the already low level of membrane-bound
TNF-a in UVB-irradiated KCs after 12hours (Po0.01) as
compared to UVB or IL-1a-treated cells alone (from 15 to
4pgng1 of protein; Figure 6). The supernatants collected from
same experiment showed soluble TNF-a levels 536pgml1,
increased from 2pgml1 in untreated sham cells.
TNF-a transcription is induced by UVB irradiation and IL-1a
To determine whether TNF-a mRNA induction by UVB
irradiation plus IL-1a results from increased transcription of
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Figure 3. IFN-a2b has no effect on TNF-a mRNA synthesis in sham- or UVB-
irradiated keratinocytes in the presence or absence of IL-1a. Sham- or UVB-
irradiated keratinocytes were treated with IFN-a2b (2,000Uml1) or IL-1a
(10 ngml1) alone or in combination with IFN-a2bþ IL-1a. RNA sample were
collected after 6 hours and analyzed by real-time PCR. Results were
normalized to PPIA mRNA and compared to control groups.
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Figure 4. Exogenous rTNF-a increases TNF-a mRNA induction in UVB-
irradiated neonatal keratinocytes. Cells were treated with sham,
shamþ rTNF-a (5 ngml1), UVB, and UVBþ rTNF-a. RNA sample were
collected 3 hours after irradiation and analyzed by real-time PCR. Results
were normalized to PPIA (housekeeping gene control). Expression levels of
TNF-a mRNA are indicated as ‘‘fold change’’ compared to control.
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Figure 5. Synergistic increase of TNF-a protein in keratinocyte medium
corresponds to TNF-a mRNA increase due to UVB and IL-1a response. Cells
were treated with sham, shamþ IL-1a, UVB, and UVBþ IL-1a for various
time points. Supernatant samples were collected from sham, shamþ IL-1a,
UVB, and UVBþ IL-1a-treated cells at the indicated time points. An equal
amount of protein was used for TNF-a ELISA.
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Figure 6. No significant changes were observed in the membrane bound
TNF-a protein after UVB and IL-1a treatment. Cells were treated with sham,
shamþ IL-1a, UVB, and UVBþ IL-1a for various time points. Membrane
fractions were eluted and an equal amount of protein was used for TNF-a ELISA.
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the TNF-a gene, we performed a nuclear run-off assay.
Nuclei from KCs treated with sham or UVB irradiation, with
or without IL-1a, were isolated after 3 hours, an early time
point that shows large induction of TNF-a mRNA. In four
independent experiments, the transcription rate of TNF-a
gene increased to 4-fold of the untreated control value after
IL-1a alone, 5-fold after UVB alone, and 11-fold after
UVBþ IL-1a (Po0.001; Figure 7).
IL-1a does not alter the half-life of TNF-a mRNA
To determine whether TNF-a mRNA induction by UVB
irradiation and IL-1a results in part from an increase in TNF-a
mRNA half-life, we treated the KCs with actinomycin D, an
inhibitor of RNA synthesis, and measured the disappearance
of TNF-a mRNA by northern analysis and real-time PCR
(Figure 8). Because of its very long (3.8 days) half-life 18S was
used for normalization (Yi et al., 1999). In four independent
experiments, the t1/2 values for TNF-a mRNA were
75.3±16.7minutes in KC treated with UVB alone versus
56.0±4.5minutes in KCs treated with the combination of
UVBþ IL-1a (Figure 8; P¼ 0.94 N.S). Thus, UVBþ IL-1a did
not prolong the half-life of TNF-a mRNA. After actinomycin
D was added, TNF-a mRNA expression was not detected for
up to 2 hours in sham- and IL-1a-treated cells.
DISCUSSION
KCs play an important role in the inflammatory response of
the skin because of the induction of cytokines by UVB
including TNF-a, IL-1, and IL-6 (Kock et al., 1990; Kirnbauer
et al., 1991; Kondo et al., 1994). These UVB-induced
cytokines act in a cascade fashion to induce inflammation,
with initial release by KCs or inflammatory cells in the skin,
and subsequent synergizing with UV-irradiated KCs to further
increase their cytokine production (Takashima and Bergstres-
ser, 1996).
This study has demonstrated a robust synergy between
UVB and exogenous IL-1a in the induction of TNF-a gene
transcription, mRNA levels, and protein secretion from
neonatal KCs. To the best of our knowledge this is the first
report of the role of UVB and exogenous IL-1a synergy in the
production of TNF-a in neonatal KCs. There is also acute
synergy between UVB and exogenous TNF-a in the induction
of TNF-amRNA in these cells. IFN-a2b did not further induce
TNF-a expression in KCs. Inflammatory cells release IL-1 and
TNF-a in the skin, and our data suggest that interactions of
these cytokines with KCs can further upregulate epidermal
cytokine production (Ansel et al., 1990; Ullrich, 1995). Other
investigators have reported that after UVB irradiation alone,
mouse epidermal KCs increased TNF-a expression immedi-
ately, declined at 6 hours, rose again at 12 hours, before
falling by 24 hours, giving a biphasic induction of TNF-a by
UVB alone (Yarosh et al., 2000). Clingen et al. (2001) showed
an effect of UVB alone on induction of TNF-a mRNA after
6 hours and protein after 24 hours in human KCs. They
irradiated the cells through the bottom of Petri dishes, which
is different from our irradiation procedure. We administered
UVB through a UVC filter with the top of the dish removed. It
is likely that the Petri dish blocks out some wavelengths of
UVB and thus higher doses of more intense short wavelengths
of UVB were potentially delivered in their system. In
addition, it is not clear how far away the dishes were from
the light source, and potentially there were thermal effects
from the bulbs. UVA (200 and 800mJ cm2) also induces
TNF-a mRNA expression in HaCaT cells, a finding not
observed in primary KCs (Werth and Zhang, 1999; Skiba
et al., 2005). Other studies reported synergy between IFN-g
and IL-1a in the induction of TNF-a in unirradiated human
KCs (Matsuura et al., 1998). UVB and IL-1a showed a
synergistic effect in induction of TNF-a in dermal fibroblasts
(Fujisawa et al., 1997; Werth and Zhang, 1999). The exact
mechanism of this synergistic response has not been
determined.
Cytokines may act in an autocrine manner and thereby
regulate their own synthesis. Proinflammatory cytokines like
IL-1a in human KCs and vascular endothelial cells and IL-1b
in thymic stromal cells exhibit the capacity to induce
autocrine upregulation (Warner et al., 1987; Lee et al.,
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Figure 7. UVB irradiation and IL-1a enhances TNF-a gene transcription.
Nuclei were isolated 3 hours after sham- or UVB-irradiation and stimulated
with or without IL-1a. Nuclear run-off assay was performed to examine TNF-a
and 18S (control) transcription. Detectable bands were assessed by
densitometric analysis. UVB irradiation induced TNF-a gene transcription
five-fold. One of four experiments is shown illustrating 11-fold induction of
UVBþ IL-1a cells when compared with sham irradiated cells.
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Figure 8. TNF-a mRNA stability is not induced after UVB irradiation and
IL-1a stimulation. Keratinocytes were UVB- or sham-irradiated and
stimulated with IL-1a for 3 hours. Actinomycin D (10 mgml1) was added after
3 hours. Total RNA was extracted at different time points and TNF-a mRNA
levels were determined by northern analysis and real-time PCR. The half-life
was calculated in UVB, and UVBþ IL-1a-treated cells.
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1991; Kameda and Sato, 1994; Tseng and Schuler, 1998). In
addition, TNF-a is capable of increasing its own expression in
ovarian tumor cells (Wu et al., 1993; Kulbe et al., 2007).
rTNF-a upregulates its own mRNA synthesis in an autocrine
manner in murine KCs (Lisby and Hauser, 2002).
In the context of these previous studies, we sought to
determine whether the endogenously enhanced levels of
TNF-a found in response to UVB and IL-1a or exogenous
rTNF-a is also capable of increasing its own synthesis in KCs.
Thus, we measured TNF-a expression levels up to 72 hours
after irradiation and IL-1a stimulation. Our time course study
revealed that neonatal KCs did not show any biphasic
response in upregulation of TNF-a message or protein,
despite finding significantly higher levels of TNF-a protein
present up to 72 hours. In our study, neutralization of TNF-a
in medium by TNF-a antibody could not inhibit the early
induction of TNF-a mRNA by UVBþ IL-1a. These findings
indicate that KC-derived TNF-a does not have an effect on
TNF-a mRNA induction by UVBþ IL-1a, suggesting that
TNF-a protein is not synthesized by KCs early enough to have
an autocrine effect. It is possible that mechanisms, such as the
previously described clustering and internalization of TNF
receptors, may lessen the response to TNF-a protein over
time (Higuchi and Aggarwal, 1994). The lack of effect of
persistent TNF-a protein on continued TNF-a mRNA induc-
tion in the long-term experiments contrasts with the acute
effects of exogenous human rTNF-a on TNF-a mRNA in
UVB-irradiated KCs. We observed a synergy between rTNF-a
and UVB in the expression of TNF-a mRNA (Figure 4). Our
findings are in line with the results of Lisby and colleagues
who demonstrated rTNF-a upregulates its own mRNA
synthesis in an autocrine manner in HaCat cells. The
autocrine effect of TNF-a is mediated by the signaling
cascade comprising TNFR1, atypical protein kinase C and
the transcription factor NF-kB (Lisby et al., 2007).
The mechanism by which UVB and IL-1a induce TNF-a in
KCs is not known. The expression of TNF-a is regulated at
many levels, including transcription, post-transcription,
message turnover, protein production, and protein release
(Huizinga et al., 1996; Kontoyiannis et al., 1999; Piecyk
et al., 2000). Previous reports showed that TNF-a protein
synthesis is likely due to an increase of the soluble form of
TNF-a in response to septic stimuli. The soluble form of TNF-
a is released by cleavage of membrane-bound TNF-a by
TACE, a TNF-a cleaving enzyme (Robertshaw and Brennan,
2005). Our results showed that there is slight decrease in
membrane bound TNF-a in UVBþ IL-1a cells relative to
sham-treated KCs. The decrease in membrane bound TNF-a
ranges from 5 to 10 pgml1 which can not account for
4200-fold induction of TNF-a observed in the supernatant of
UVBþ IL-1a-treated cells as compared to sham (see Figure
5b).
The UVBþ IL-1a-mediated increased rate of TNF-a gene
transcription in our system is consistent with the report that
UV induces transcription of the TNF-a gene in macrophages
(Bazzoni et al., 1994). As TNF-a production has been
described to be regulated both by transcriptional and post-
transcriptional mechanisms, we tested in our system if one of
the potential mechanisms for the synergistic induction of
TNF-a by UVB and IL-1a is through increased message
stability. One previous study in a transformed cell line treated
with UV suggested an effect on both transcriptional and post-
transcriptional mechanisms (Leverkus et al., 1998). In our
study, the stability of TNF-a mRNA was not different in KCs,
as indicated by no increase in half-life for TNF-a mRNA after
UVB and IL-1a treatment. This suggests that message stability
is not a major contributing factor for TNF-a induction by the
combination of UVBþ IL-1a. In other cell types treated with
non-UV stimuli, both transcriptional and post-transcriptional
regulation of TNF-a gene expression has been demonstrated
(Han et al., 1991; Jacob and Tashman, 1993; Jongeneel,
1994; Hel et al., 1998). With these other systems, TNF-a
mRNA binds to cytosolic proteins that specifically recognize
the AUUUA rich structural elements and prevent the
degradation of the message (Kim et al., 1996; Hel et al.,
1998). Also, in virus-stimulated astrocytes, TNF-a is regulated
by both transcriptional and post-transcriptional mechanisms,
suggesting various stimuli appear to induce TNF-a by more
than one regulatory mechanism (Lieberman et al., 1990). UV
irradiation has been reported to induce and activate the
transcription factors AP-1 and NF-kB (Devary et al., 1993;
Simon et al., 1994). The promoter of the TNF-a gene contains
both AP-1 and NF-kB binding sites, major contenders for the
upregulation of TNF-a gene transcription (Spriggs et al.,
1992). In murine macrophages, LPS stimulates TNF-a gene
transcription by translocation of NF-kB to the nucleus (Collart
et al., 1990; Shakhov et al., 1990). However, the mechanism
of UVB-induced TNF-a transcription has not yet been
defined.
In summary, this data suggests that skin-derived IL-1a and
TNF-a have further synergistic effects on the induction of
TNF-a by UVB-irradiated KCs. Our results demonstrate that
the mechanistic effects of UVB and IL-1a on TNF-a induction
are at a transcriptional level. Studies in our laboratory are
dissecting the relative roles of these transcription factors on
UVB-induced upregulation of the TNF-a gene.
MATERIALS AND METHODS
Human keratinocytes culture
Normal neonatal human KCs were obtained from foreskin and
grown in MCDB 153 medium (Sigma M-7403, St Louis, MO)
supplemented with 30mM CaCl2, ethanolamine, phosphoethanola-
mine, bovine pituitary extract, epidermal growth factor, insulin,
hydrocortisone, penicillin, and streptomycin. KCs were plated in
100mm dishes and grown to 60–90% confluence at 37 1C in a
humidified 5% CO2 atmosphere.
Cytokines and chemicals
Cytokines IL-1a, IFN-a2b, rTNF-a were purchased from R&D
Systems Inc. (Minneapolis, MN). All other chemicals were pur-
chased from Fisher Scientific (Pittsburg, PA) or Sigma.
Light source and radiometry
The UVB source was a bank of two FS 40 sunlamps (Light of
America, Walnut, CA) with a peak irradiation of 313 nm, equipped
with a cellulose triacetate filter to remove wavelengths below
998 Journal of Investigative Dermatology (2009), Volume 129
MM Bashir et al.
Synergy of UVB and IL-1a in TNF-a Production
290nm, as previously described (Werth and Zhang, 1999). UVB
doses were measured with an International Light UV IL-443 UVB
meter. The filtered UVB light source measured by spectroradiometric
measurement at the time of the experiments showed 0.64% UVC,
44.51% UVB, 19.43% UVA ,and 35.42% visible and near infrared.
UVB irradiation
An irradiation dose of 30mJ cm2 UVB was chosen based on cell
viability, cytotoxicity assay with trypan- blue, and on our previous
results (Werth and Zhang, 1999). Neonatal human KCs were
cultured and the medium was replaced by phosphate-buffered
saline before irradiation. Cells receiving sham-irradiation treatment
(0mJ cm2) went through the same procedure, but covered with
aluminum foil. After irradiation, cells were immediately returned to
MCDB complete medium with or without addition of the cytokines
for different period of time according to the requirement of the
different experiments. Conditioned medium was collected for TNF-a
ELISA at different time points.
Extraction of total RNA from cultured keratinocytes
Depending upon our experimental requirements, cells at 60–90%
confluency were irradiated with UVB or sham, followed by addition
of cytokines. For short-term experiments we used 90% confluent
cells and for longer 3-day experiments we used 60–70% confluent
cells. The viability of cells was measured by trypan blue up to
72 hours. After removal of medium, cells were washed with
phosphate-buffered saline and total RNA was extracted by adding
1ml Trizol (Invitrogen, Carlsbad, CA) directly to the dishes, followed
by isopropanol precipitation and 70% ethanol wash. The RNA
pellets were dissolved in DEPC-treated water. The RNA was
quantified by measuring the optical density at 260 nm, with 260/
280 (ratio41.8) for evaluating purity.
Real-time PCR
Total RNA (2 mg), from sham- or UVB-exposed human KCs, with or
without cytokine addition, was used for cDNA synthesis. cDNA was
synthesized using SUPERSCRIPT First-Strand Synthesis for reverse
transcription–PCR kit with random hexamers (Invitrogen Life
Technologies, Carlsbad, CA). Oligonucleotide sequences and
target-specific fluorescence-labeled DNA probes were designed on
Primer Express software by Applied Biosystems. 2ml of cDNA were
amplified by PCR, in which 50 nM each of the forward and reverse
gene-specific primers for TNF-a and human PPIA were used. All PCR
assays were performed in triplicates and read using an ABI PRISM
7000 sequence detection system. The cycle number was predeter-
mined so that the products formed fell within the linear portion of the
amplification curve.
Northern blot analysis
Ten micrograms of RNA were electrophoresed under formaldehyde
denaturing conditions on 1.2% agarose containing 0.2mol l1
formaldehyde and transferred to Nytran membranes. The blots were
probed with 32P-labeled TNF-a cDNA probe (ATCC no. 39894).
Evidence that RNA was equally loaded and transferred was obtained
by equivalent intensity of ethidium bromide staining of 18S and 28S
rRNA bands. Furthermore, the human18S cDNA (ATCC no. 77242)
probe was used as a control to verify the consistency and integrity of
RNA loading.
TNF-a protein determination by ELISA
Conditioned media from UVB or sham- irradiated and IL-1a-treated
cells were collected at different time points. TNF-a was quantitated
by commercial ELISA (R&D Systems Inc. ). The protein level was
measured by CB-Protein-Assay-Kit (G-Biosciences, St Louis, MO)
and volume was adjusted to 100ml, so that equal amounts of protein
were used for each sample.
Effect of TNF-a antibody on TNF-mRNA synthesis
Cells at 90% confluency were irradiated with sham, shamþ IL-1a,
UVB, and UVB þ IL-1a. Cells treated with UVB þ IL-1a were
incubated with TNF-a antibody at different doses (5, 10,
100 ngml1). After 3 hours the cells were harvested and total RNA
was isolated as described above. The TNF-a expression level was
determined by real-time PCR.
Isolation of plasma membrane
Cells were washed with phosphate-buffered saline and incubated in
a hypotonic lysis buffer (10mM Tris, pH 7.4, 10mM NaCl, 3mM
MgCl2, and 0.5% Nonidet P-40), causing them to swell. The cell
suspension was homogenized by mechanical disruption using a
needle and syringe. Intact cells, cell debris, nuclei, and the major
organelles were removed by centrifugation at 2,000 g for 5minutes.
The supernatant contains cytosolic proteins and microsomes, and
plasma membranes. The supernatant was centrifuged at 12,000 g
and 4 1C for 20minutes. The pellet was stored in Tris buffer (50mM
Tris, pH 8.5, 5mM MgCl2, and 40% glycerol) at 80 1C until use.
Nuclear run-off assay
The procedure was carried out as previously described (Li and
Chaikof, 2002). Briefly, cells were irradiated with or without UVB
and treated with IL-1a for 3 hours. Nuclei were isolated by
centrifugation using sucrose gradient (Nuclei Pure Prep Nuclei
Isolation kit from Sigma). Nuclear run-off reaction was performed by
mixing the 200 mg of nuclei with an equal volume of reaction buffer
(10mM Tris.Cl, pH 8.0, 5mM MgCl2, 5mM dithiothreitol, 0.3M KCl),
1.0mM ATP, GTP, and CTP, 5 ml of [a-32P] UTP (3,000Cimmol1)
and incubated at 30 1C for 1 hour with gentle shaking. The reaction
was stopped by addition of DNAse I (10 units). The newly
synthesized 32P-UTP labeled nuclear RNA was extracted with
phenol followed by isopropanol precipitation and 70% ethanol
wash. Equal counts of 32P-UTP labeled RNA were hybridized to slot
blots containing 2 mg of target inserts per slot onto a nitrocellulose
filter (Schleicher & Schuell, Keene, NH) for 36 hours at 65 1C. The
filters were then washed and exposed to phosphor screen. The
signals were detected using the PhosphorImager Typhoon 9400
(Amersham Biosciences, Piscataway, NJ). Each band was quantitated
using ImageQuant.
Inhibition of mRNA synthesis and mRNA half-life determination
The selective mRNA synthesis inhibitor actinomycin D was used to
block TNF-a mRNA production, and the decay of TNF-a message was
calculated by northern and real-time PCR analysis using 18S as a
control for northern and PPIA as a control for real-time PCR analysis.
Cells were irradiated with UVB or sham, followed by addition of IL-1a.
After 3hours, cells were treated with actinomycin D (10mgml1). The
cells were harvested at different time points after actinomycin D
treatment and total RNA was isolated as described above.
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Statistical analysis
Comparisons of several groups were performed simultaneously by
initially using analysis of variance (ANOVA). When the ANOVA
indicated differences amongst the groups, pairwise comparisons of
each experimental group versus the control group were performed
using the Dunnett q’ statistic. When comparing between groups, the
Student–Newman–Keuls test was used after performing ANOVA.
Unless otherwise indicated, summary statistics are reported as mean-
SEM, n¼ 3. Absent error bars in graphical displays of summary
statistics indicate SEM values smaller than the drawn symbols.
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